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@> Bearing steeL 

@ A bearing steel ha>dng long rolfing life comprising, by weight 0.65 to 0.90% of C. 0.15 to 0.50% of Si. 
0,15 to 1.0% of Mn and 2.0 to 5.0% of Or, and the t>alance of Fe. Austenite grain size can be prevented 
from t)ecoming coarser to make hardening In high temperature possible by further adding 0.0090 to 
0.0200% of N. one or more of 0.010 to 0.050% of Al. and 0.005 to 0.500% of Nb as optionat elements to 
the steel. Further, rolling fatigue life can t>e improved by further adding one or more of 0.20 to 0.50% of 
Nl, 0.10 to 2.00% of Mo and a05 to 1.00% of V as optional elements, and rhachlnabOity can be improved 
by further adding one or more of 6.02 to 0.05% of S, 0.005 to 0.10% of rare earth elements. a02 to 0.30% 
of Pb. 0.0005 to 0.0100% of Ca. 0.001 to 0J20O% of Bl, 0.005 to 0.20% of Se and 0.005 to 0.100% of Te In 
the steel as optional elements. 
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The present invention relates to a bearing steel for use in ban bearings and/or roller bearings (hereinafter 
refened to as "rolling bearings**) of englnesand auxiliary equipment such as alternators driven by, for example, 
of automobOe engines. The invention is partlcularty suited to situations involving vibration and impact load, as 
well as for use In rolling and sliding components generally. 
5 As a material for bearing rings and balls and/or rollers (hereinafter referred to as 'Veiling elements") in rolling 

bearings, high-carbon chromium t)earing steels' (in particular JIS SUJ2} have been used most generally. In addi- 
tion, variotis other materials are also used corresponding to the varied working cbhditions for rolling bearings. 
For Instance, case hardened steels (for example, SAE 5120) which have been cartnirizing hardened and tenv 
pared for improving their toughrtess are used for bearings undergoing bnpact loads. 
10 For engines and auxOiary equipment such as alternators driven by, for example automobOe engines, reduc- 

fion of the size and the weight, as well as improvement of performance have progressed vigorously In recent 
years. Attendant to this the size and the rated speed of rotation of the roiling bearinge used therafbre have ft>een 
bnproved. This constderably increases vibration and Impact loads exerted on the rolling bearings and elevates 
the working temterature of the bearing, resulting in the protslem of peeling which occurs in a short period of 
15 time In the rolling t>earing made of the prior art steels described above. This makes the bearing unusat)le. For 
instance, in automobile ermine-driven alternators vibrations transmitted from driving belts interconnecting 
therebetween are ahways exerted on the bearings in addition to the Impact loads caused by an uneven road 
surface transmitted through the wheels of the movfrig automdbfle. 

It is apparent that reduction of the size and the weight and the famivovement of the performance of the 
20 engines or the auxfliary equipment will continue to t>e sought under the increaslr^ requirement for Improved 
fuel consumption In automob9es. Accordingly, there is a keen demand for the dev^opment of bearing steels 
capable of having durability and a long life under high speed rotation, vibration and impact loads. 

For the study directed to the resolution of the foregoing subject, the present inventors have at first inves- . 
tigated factors that are attributat)le to the reduction of the durability and life of the bearing caused by highspeed 
28 rotation. As a result, altfiough the shortened life span the bearing seems to be caused by peeling. It has l>een 
found that phenomena cfifferent from those considered so far are present in the peeling process. 

At first, when a cross sectional micro structure was ot>sen/ed under the rolling surface of a bearing that 
suffered frum peeling during high sp>eed rotation in a short period of tone, a metallic structure which is less cor- 
rosh^ and appeared wfute (hereinafter referred to as "white layers"), dtfferent from a matrix (matrix phase), 
30 was formed underthe rolling surface near a position where the maximum shear stress occured. 

Fig. 1 shows an optical mkmgraph of the micro structure akmg the cross section containing the white 
layers. 

when the hardness of the white layer portion and the matrix at the periphery thereof was measured by a - 
micro Vickers hardness tester, it was fountd that the hardness of the matrix was about HV 750, whereas the 
35 hardness of the white layer was HV 1100 to 1300. Accordingly, the wMte layer portion is much harder.than the 
matrix portion. 

From the restdts described above, ft has been estimated that the reason tiie durability life of the bearing 
is shortened in high speed rotation, is that the white layers are formed in a position near the portion where the 
maximum shear stress occurs and that the white layer is hard and brittle. Accordingly, crack form at an early 
40 stage by repeated application of shear stresses. These cracks easily develop into the matrix to cause peeling. 

However, such white layers which shorten the life span of the tiearing are not otiserved In the usual durabi- 
lity IHe test for bearir^ and it ts therefore considered that vibrations and impact toads have a great Influence 
oh the Actors reducing the durability life of the bearing due to the occurence of the white layers. A test was 
conducted for confirming this consideration. 
45 A ball bearing JIS B 1512 (6303) (17 mm in inner diameter. 47 mm in outer diameter) was prepared from 

two kinds of materials shown in Table 1, with the inner and the outer rings being made of an identica] material, 
and then subjected to a heat treatment sr>ecified in the middle column of the table so as to attain the hardness 
shown In the right column of the table. Then, a rotational durahmy life test was made of the bearing specimens 
\ by applying loads by two static and dynamic methods as shown in Table 2. In the static load test, the bearing 

so specimen is mounted in a durabOity Fife tester and rotated continuously under a static toad. On the other tiand, 
' In a dynamic load test , a durability life tester is disposed on a vibration bed and the bearing specimen subjected 
to a continuous rotation test while applying a static load to the bearing specimen and applying vibrations to the 
entire testing machine. Itie rotational durability life testwas conducted twice for each of the materials and each 
of the test conditions and the results are shown k% Table 3. 
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As a result of the test, it has been found that peeling occurred in none of the bearing specimens even after 
1 000 hours of continuous rotation in the static load test giving no problem for the durablli^ life time. However, 
in a dynamic load test in which vibrations are superposed on the static load test, it has t>een found that peeling 
occurred after only 43 hours and 61 hours In the bearings made of steel according to JIS SUJ 2 and in 189 
5 hoiffs and 202 hours in the bearings made of SAE 5120 and case hardened steel according to SAE 5120, 
remarkably reducing the durabill^ life of the bearing. 

When the microstructure of the metal positioned under the roliing surface of the specimen showing reduced 
durability life in the dynamic load test was observed, it was recognised that white layers like those in Fig. 1 are 
created^ 

to When the distribution of the carbon (C) concentration In the microstnicture in which the white layer exists 

was analyzed by EPMA (election probe micro analyzer), ft has been found that the carbon (C) concentration 
was higher in the white layer portion than in the matrbc portion. F^. 2 schematically shows the result of the inves- 
tigation by EPMA for the carbon concentration distribution in the white layer arnS in the peripheral portion thereof, 
in which it Is dearly shown that the carbon concentration is higher In the white layer 2 than In the matrix 1. It 

IS has t>een further confirmed that within the white layer 2, a portion showing higher carbon concentration (trigh 
cart>on portion) 3 than that in the whte layer 2 is present. 

It is considered that the reason why the white layer portion has higher carbon concentration is because 
the carbon atoms are dlflused and condensed in ttiat portion. Since the diffusion of the cart>on atom is induced 
by stresses, it is considered that loading repeating stresses on the bearing spedmen due to vlt>ration promotes 

20 the stresses-induced diffusion of the carbon atoms, to promote the condensation of cart>on in the white layer 
portion". Further, niicro strains are accumulated in the microstructure positioned under the rolling surface due 
to the loading of the repeating stresses and the carbon atoms are bonded there due to the accumulated drains. 
That Is, the carbon atoms are diffused and kionded in the metallic structure located at a position under the rolling 
. surfece where the maximum shear stress occurs by the repeated impact stresses. Consequently, the white 

25 layers having extremely high hardness and which are less corrosive come into existence. Then, by the appli- 
cation of the repeated impact loads, cracks are formed from the very hard and brittle white layers, which are 
propagated and develop into the matrix, causing eariy peeling. 

A primary object of the present invention is to provide a l>earing steel- having a long durat>Hily life even in 
a case where it is used under vibrations and impact loads due to high speed rotation. 

30 In view of the foregoing object and with the consideration that Inhibition of ttie formation of the white layets 

is necessary for improving the durabilify life of the l>earings, the present inventors have aimed at the suppres- 
sion of cartKm diffusion and improvement of the matrix strength. Then, as a result of an Investigation for a r^a- 
tionship t>etween the content of cart>on and other alloying elements and the diffusion rate of carbon, it has been 
found that lowering of the caribon content and increase of the chromium concentration are effective means for 

35 retarding the diffusion rate of carbon. Further, alloy designing has t>een conducted also for alloy ingredients in 
order to provide sufHdent mechanical strength to use as a bearing and, further, to mtniouze carbides or non- 
metallic bidusions which are hamnful to the rolling bearing steel. 

According to the present invention there is provided a bearing steel comprising, by weight, 0.65 to 0.90% 
of C, 0.15 to 0.50% of Si, 0.15 to 1.00% of Mn, 2.00 to 5.00% of Cr, and optionaUy, a member or members 

4o selected from the group consisting ofOJZO to 0.50% of Ni, 0.1 to 2.0% of Mo and 0.05 to 1.00% of V, the remairv 
der t>eing Fe and irtevitabie impurities. 

Since the bearing steel described above has a relatively high Cr content, It is necessary to increase the 
quench hardening temperature atvove that for the usual bearing steels (JIS SUJ2) for attaining improved 
mechanical properties. Further, while bearing steels have been used generally as materials for roliing bearing 

46 units so far, they have been used also for automobDe parts such as roliing or sliding components such as con- 
stant velocity joints (CVXs) and cam faces along with improvements in automobfle parts in general in recent 
years. Such automobile parts include those having a greater size than rolfing t>earings, and sometimes require 
longer heating times necessary for the quench hardening. 

However, if the quench hardening temperature is elevated or the time necessary for quench hardening is 

50 prolonged, there may be a risic that the austenite crystal grains become coarser, reducing the toughness after 
the heat treatment This may lead to a reduction of the contact roiling fatigue life and offset the advantageous 
effect attained by the steel according to the present Invention which Is made as a resiilt of the study described 
alxyve. 

It is, accordingly, anottier object of me present invention to provtele a t)earing steel capatiie of attaining the 
55 characteristtcs of the bearing steel of the prior statement as ^ as posslbla^thout making the crystal grains 
coarser even under an increased quench hardening temperature. 

Also according to the invention, the bearing steel described above comprises, by weight, 0.65 to 0.90% of 
C, 0.15 to 0.50% of Si, 0.15 to 1.00% of Mn, 2.0 to 5.0% of Cr and 0.0090 to 0.0200% of IM, and a member or 
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members selected from the group consisting of 0. 01 0 to 0. 050% of A! and 0.005 to 0.50% of Nb the remainder 
being Fe and inevitable impurities. One or more of 0, 20 to 0. 50% of Ni. 0. 1 0 to 2.00% of Mo and 0.05 to 1 .00% 
of V may further be added as an optional element or elements. 

Further, In course of manufacturing a rolling bearing from the bearing steel, ft is always necessary to cut 
5 the steel material at the stage of working it Into an Intermediate shape or final shape (ball , roller or race). Further, 
the cutting process is also applied in the course of manufacturing rolling or sliding components for automobiles 
such as CVJ*s(constant velocity joints}and face cams. Since automobile parts have to k>e generally mass-pro* 
duced at a reduced cost, machinabtlity of the material is an nmpoitant factor in qtialHy. 

In the course of cutting steel materials, annealing Is usually applied previously to reduce the hardness. How- 
to ever, since the t>earing steel has a high cartoon content, excellent machinabilfty can not be otytained even after 
applying suffident annealing, which results in the prot>iem of worsening the production efUctency of bearings 
or parts in the cutting step. In particular, since the above-Identified bearing steel in accordance with the present 
invention has a relatively high Cr content, the hardness after annealing is scmewhat higher and ft Is desired to 
improve the machlnability. 

iS A further object of the present invention is to provide a bearing steel capable of Improving the efficient 

for ttie cutting step, which would otherwise constitute a barrier in the bearing manutecturing step without off- 
setting the long durabili^ life of the bearing steel. The bearing steel as described at>ove comprises, by weight, 
0.65 to 0.90% of C, 0.15 to 0.50% of Si. 0.15 to 1.00% of Mn. 2.0 to 5,0% of Cr and a member or members 
selected from the group consisting of 0.020 to 0.050 of S, 0.005 to 0.1 0% of rare earth element. 0.02 to 0.30% 

20 of Pb, 0.0005 to 0,01 00% of Ca, 0.001 to 0.200% of Bl, 0.005 to 0.20% of Se and 0.005 to 0.100% of Te; the 
remainder being Fe and Inevitable Impurities. Further, a member or memlDers selectod from the group consisfing 
of 0.20 to 0.50% of Ni, 0.1 0 to Z00% of Mo and 0.05 to 1 .00% of V may be incorporated as optional element 
or elements. 

Various other objects, features and attendant advantages of the present invention wil be more fully 
^ appreciated as the same l>ecomes better understood from the following detailed description when considered 
in connection with the aooompanying drawings wherein: 

Fig. 1 is an optical micrograph showing a cross sectional micro structure positioned under a rolling surface 
of a bearing that causes peeling in a short period of tin>e due to high speed rotation; and 

Fig. 2 Is a schematic view showing the result of EPMA analysis tor the distribution of the cartxin concen- 
90 fratlon tri the whfte layer and the matrix. 

The present invention relates to a bearing steel comprising, by weight 0.65 to 0.90% of C, 0.15 to 0.50% 
of SI. 0.15 to 1.0% of Mn and 2.0 to 5.0% of Cr, the remainder being of Fe and Inevitable Impurities. 

The -t>earing steel according to the present invention can improve on the reduction of the durabnHy Ife of 
the t>earing used under vibrations and Impact loads due to high speed rotation and Is practically excellency 
35 machinat>le as w^l. 

The properties of the chemical componente of the steel according to tiie present invention and the reasons 
tor the limitetions to the contents of the componente wSI now be explained t>etow. 
C: 0.65 to 0.90% 

In a rolling tearing, since a rolling elenrtent and a l>earing ring (race) make a line-to-line contact (roller bear- 
40 mg) or point-to-point contact (bail bearing) to each other, pressure of contact Is extremely high. Accordingly, it 
is a most important proper^ of tiie roinng t)earing steel that it has a high hardness not causing plastic defor- 
mation and ensures smooth movement of the t>earing at the contacting portions. Furtiier, the hardness is also 
required to be high in view of the almsion residence. Then» ft is necessary ttiat the carbon content is mote 
tfian 0.65% for the reasons as described above. However, If ft Is present as more than 0.90%, the metallic struo- 
45 tuPB is caused to change during use since the cart>on diffusion rate is increased and the carbides t)ecome inige, 
causing stress concentration leading to the reduction of the rolling contact fatigue life as described previously. 
In addition, tiiis increase in the amount of the carbides degrades the machinat>tlity. Accordingly, the upper iMt 
^ is defned as 0.90%. 

31:0.15 to 0.50% 

50 Silicon is used as a-deoxidizer upon steel refining. If deoxidization of steel Is insufficient, oxide inclusions 

are incfeased in the steels, which also cx>nstitute a stress concentration course promoting the change of the 
metallic structore during use. For the deoxidization, at least 0.15% of sOicon content is necessary. On the con- 
trary, if ft is incorporated by more than 0.50%, the amount of residual austenfte after quench hardening is 
increased, which reduces tiie hardness after hardenlrig and the roiling contect fatigue llfs. Further, since the 

55 towering of the hardness after annealing Is not sufficient the machinabiUy is degracted. 
Mn:ai5to1.00% 

^ Manganese is an element used upon refining as a deoxidizer as well as silicon. Further, ft greatiy effective 
in improving the hardenatMlity and ft is a useful element for applying complete hardening in relatively larger 
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parts. For attaining these effects, at least 0.15% of manganese has to be incorporated. However, if is exceeds 
1 .00%, the amount of the retained austenite after hardening is increased, which reduces the hardness obtained 
by quench hardening and the rolling contact fatigue Irfe. 
Cn 2.00 to 5.00% 

5 Chromium is an important element for improving the hardenabBity and It restrains the change of the micro- 

structure due to the cart>on diffusion, to contnlnjte to the Improvement of the durabQl^ fife. For attaining such 
an effect, at least 2.0% of chromium has to be present On the other hand, tf the content exceeds 5.0%, the 
effect is saturated and. on the contrary, workabOity is degraded in the steps such as rolling, forging and cutting 
and the material cost is Increased as well. 

10 Ni: 0.20 to 0.50% 

Nickel has an effect of reinforcing the matrix to Improve the toughn€»ss thereby Improving the rolling contact 
fatigue life. For ensuring such an effect, it has to l»e present as more than 0.20%. However, If it Is present as 
more than 0.50%, the amount of the retained austenite is Increased to reduce the hardness obtained by quench 
hardening, which rather lowers the rolling contact fat^ue life, in addition, since the nickel is an mpensive ele- 
15 ment excess addition may result in wasteful and increased material cost. 
Mo: 0.1 to 2.0% 

Molytxlenum reinforces the matrix and restrains the cart>on diffusion to thereby prevent the reduction of 
the rolling contact fatigue life due to the change of the microstructure. In order to attain such an effect. molyt>- 
denum has to foe present as more than 0.1%. However, if it Is present as rrK>re than 2.0%, such an effect is 
20 saturated and the workability of the steel is degraded and the material cost is increased wastefully. 
V: 0.05 to 1.00% 

Vanadium forms fine and stable carbides to thereby suppress the carbon drflusion and prevent the change 
of metallic structure during use. That Is, this is an element effective for Improving the rolling contact fatigue life 
and such an effect can be obtained by Incorporating vanadium by more than 0.05%. However, ff it Is present 
2s as more than 1.0%, such an effect is 8aiurated,.the rolling and forging properties as well as the machinabnity 
of the steel are lowered and the material cost Is increased wastefiiliy. 
N:aOOgO to 0.0200% 

As descntied subsequentiy, nitrogen chemically t>onds with niobium and alumium to form nitrides thereby 
plays a roO for preventing the austenite crystal grains from becoming coarser. The minimum content of nitrogen 
30 corresponding to the contents of niobium and alunnium described later is 0.0090%. However, if ft exc ee ds 
0.0200%, the effect is saturated and steel manufacture l>ecomes dSficult. 
Al: 0.010 to 0.050% 

Aluminum fonns a fine nitride (AIN) In the steel which Is finely dispersed in the steel to prevent austenite 
crystal grains from becoming coarser during heating for quench hardening. For this purpose, at least 0.01 0% 
35 of the content of aluminum Is necessary. Ori the oonferary. ff It Is present as more than 0.050%. alumina (Ab 
Qa) as a non-metallic kiciusion is increased which reduces the roDing contact fatigue iffe. 
Nb: 0.005 to 0.50% 

Niobium, like aluminum fonms fine carbonitrides rn the steel which are finely dispersed in ttie steel to prevent 
the growth of the austenite crystal grains during heating for quench hardening'. For attaining this effect suffl- 
40 dentiy, at least 0.005% of the content is necessary. However, ff it is present as more than 0.50%, the effect is 
saturated resulting in the reduction of the workability of the steel and wasteful increase in the material cost 
S: 0.020 to 0.050% 

Sulfur is dispersed as MnS Jn the steel. Since Mns a much softer material than steel, shear stress at a t>lade 
tip is reduced by the internal notch effect upon cutting. Further, it reduces the cutting force also by the lubricating 

45 effect at the cutting portion to thereby improve the machinabtlity of the steel. For effecthrely attaining such an 
effect for the improvement of the machlnabifity, sulfur has to be present at least as 0.020%. However, ff it is 
present as more than 0.050%, sulfur chemically bonds with bismuth to hinder the hot workability. Further, the 
amount of MnS as the noiwnetal inclusion becomes excessive to lower the rolling contact fatigue Irfe of the 
rolling t>earing. 

59 REM: 0.005 to 0.10% 

The rare earth elements also improve the machinability and, for attaining such an effect, ttiey have to t>e 
present as at least 0.005%. However, if they are present as more than 0.10%, the effect of improving the 
machlnabilify Is saturated and most of ttiem are wastefblly contained unmetted In the matrix. This also lowere 
the rolling contact fatigue Iffe by reason of the change of the metallic structure described at>ove. 

55 Pb: 0.02 to 0.30% 

Ljead does not form a solid solution in the steel phase but is finely dispersed alone or together with sulfides 
in the steel. Since lead is also much softer than the steel, it can improve the machinability of the steel by the 
same effect as that of MnS. For effectively attaining such an effect of lead for improving the machinabUity, it 

9 
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has to be present as at least 0.02%. However, if It is present as moie than 0.30%. the hot woikabHify (s reduced 
and the rolling contact fatigue life of the bearing steel is lowered, 
. Ca: 0.0005 to 0.0100% 

Calcium has the effect of suppressing the diffusion abrasion of deposits, so called belark adhered on the 
5 cutting surface of tools, by which the machlnabflity of the steel can be Improved in the sense of extending the 
tod life. For attaining such an effect, Ca has to be present as at least 0.0005%. However, even If It Is present 
as more ttmn 0.01 00%, such an effect is saturated, the material cost is wastefiiUy Increased and also the rolling 
contact fatigue irfe is reduced. 
Bl: 0.001 to 0.200% 

io Bismuth Is dtepersed by itself Into the steel to Improve the machinabllity of the steel like lead. The minvnum 

content necessary for attaining this effect Is 0.001%. However, If it Is present as more than 0^00%, the hot 
wortcabOHy and the contact rolling fatigue life are deteriorated as in the case of lead. 
Se: 0.005 to 0.20%, Te: 0.005 to 0.10% 

Selenium and tellurium are elements belonging to the same group as sulfur and they improve the 

f 5 machinabBity of the steel due to the effect simOar to that of sulfur. Further, they also have an effect of making 
the shape of MnS particle neariy spherical, thereby eliminating the factor reducing the rolling contact fatigue 
life, that is. by reducing crack fonmation from the extended top end of MnS particle if it is formed in an elongated 
shape. They contribute to the improvement of the contact rolling fatigue life also on this view point SuCh effects 
can be obrtained only %vhen both of the selenium and tellurium are contained each by more ttian 0.005%. re- 

20 spectively. However, the effect Is saturated to wastefully increase the material cost and lower the contact rolling 
fatigue life ff the selenium b contained by more than 0.20% and the tellerium is contained by more than 0.10%. 
respectively. 

EXAMPLE 1 

25 

TaWe 4 shows the chemical composition for the steels according to the present inventk^n, comparative 
steels and conventional steels. In Table 4. steels shown by Nos. A1-A9 are steels acconjing to the present 
inventkm; steels shown by Nos. B1-B7 are comparathre steels in whfch one of the Ingredient elements is out 
of range as defined in the present Invention, steels shown by Nos. CI and C2 are conventk^nal steels in whk4i 
90 htos. CI is an example of steels d^ed In JIS: SVJ2. while No. C2 is an example of steels defined in SAE: 
5120. 

A dynamic load test was applied farthe steels under the conditfons Shown - 
of ordinary <|uench hardening and tempering to control the hardness of the steel to t>e HRC 61-62f6r the steels 
Nos. A1nA9 according to the present Invention* the comparath^e steels Nos. B1-B7 and the conventional steel 
35 C1. and after applfcatk>n of carburizing hardening and tempering to control the surface hardness of the steel 
to HRC 61^ for the conventional steel No. ^ 

The test was conducted whie assembling a bearing In an altemator under the conditions shown in Table 
2 and the fatigue life fcM- each of the specimens is shown In TaWe 5. In this table, "fatigue life" means a period 
of time from the beginning of the test to the occurrence of peeling. 

40 
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Table 4 



No. 


ChQBical Qanposicion (wt%) 


C 


Si 


Mn 


Ni 


Cr 


Mo 


V 


Al 


0.68 


0.15 


0.18 


0.09 


2.12 






A2 


0.86 


0.22 


0.49 


0.12 


2. 15 






A3 


0.87 


0.27 


0.67 


0.17 


4-41 






A4 


0.69 


0.46 


0.95 


0.12 


4.71 






A5 


0.67 


0.46 


0.95 


0.48 


4.40 






A6 


0.75 


0.23 


0.35 


0.35 


3.54 


1.35 




A7 


0.81 


0.26 


0.28 


0.28 


3.95 






A O 

AS 


0^66 


0.25 


O.oo 




4,40 






A Q 


0 87 


0.16 


0.18 


0. 12 


2.10 


1.93 


0.48 


B 1 


0.60 


0.15 


0.17 


0.09 


2. 10 






B2 


0.78 


0.41 


0.94 


0.06 


5.41 






B3 


0.96 


0.26 


0.95 


0.07 


4.40 






B4 


0.72 


0.10 


0.18 


0.13 


1.85 






B5 


0.86 


0.55 


0.93 


0.07 


4.42 






B6 


0.85 


0.27 


1.16 


0.08 


4.40 






B7 


0.63 


0.35 


0.84 


0.06 


1.80 






CI 


1.01 


0.23 


0.41 


O.U 


1.44 






C2 


0.21 


0.24 


0.79 


0.09 


0.81 
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Ta b 1 e 5 



No. 


Fatigue life (hr) 


No. 


Fatigue life (hr) 


Al 


113 3 


Bl 


6 13 


A2 


10 19 


B2 


14 03 


A3 


124 7 


83 


9 09 


A4 


1 34 2 


B4 


7 4 8 


A5 


134 7 


35 


9 0 5 


A6 


14 8 8 


B6 


9 3 2 


A7 


14 7 1 


B7 


744 


A8 


149 5 


CI 


4 3, 6 1 


A9 


14 11 


C2 


18 9, 2 02 



35 
40 
45 
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As apparent from Table 5, as compared with the conventional steels islos. C1 and C2 having fatigue life of 
43 to 202 hours, the steels Nos. A1-A9 according to the present invention have longer fatigue lives of 1019 to 
1495 hours. Their material cost Is within a reasonable range and have long fatique life and excellent practical 
usefidness for use in the roQIng bearings. 
5 The comparative steels Nos. B1 33-B7 have longer fatigue lives as compared with the conventional steels 

Nos. CI and C2 but are much inferior as compared with the steels according to the present invention. The com* 
parative steel No. B2 has a fatigue life of 1403 hours which is comparable with the steels according to the pre- 
sent Invention* but the Cr content thereof is as high as 5.41%. increasing the material cost The machinabllHy 
thereof is also poof. 

to Heretofore, the results of the tests as weD as the confirmed effects of the steels according to the piresent 

invention which were used for t>earing rings have been described. However, since the peeling occurs due to 
the contact between the bearing ring and the rolling element, it wQI be apparent that the steels according, to 
present invention are also effedive when they are used for the rolling elements (balls and/or roHers). 

As apparent from the foregoing results, the bearing steel according to the present Invention can d^olve • 

IS the prt>blem of the reduction of the durability life of the bearing when used under vibration and impact loads 
accompanying high speed rotation and is reasonable in view of the material cost and the machinability. Accord- 
ingly, it has excellent practical usefulness. In particular, it can provide an extremely effective material in those 
applications subject to heavy vibration and high impact loads such as in alternators. 

Accordingly, the t>earing steel according to the present invention can provide an excellent long duratnli^ 

20 life at a reaeonat>te cost when it Is applied, for exam|>le, to engines and auxiliary equipment driven by engines 
in ai rcraft or automobiles, in which reduction of the durability life was caused in the conventional steels with 
the advent of increasing rotational sfseed in recent years. Thus, the bearing steel in accordance with the present 
invention can further ensure high speed rotation and contribute greatly to the improvement of the rellabDity and 
performance of such equipment. 

25 

EXAMPLE 2 

Table 6 shows chenrucal compositions of ^els Nos. A1 0-A21 according to the present invention, compara- 

thre steels Nos. B8-B10 and conventional steels Nos. C3 and C2 which were subjected to a rolling life test con- 
so ducted in this example. The comparative steels are those in which one of the ^gredlents is out of the range 

as defined in the present invention. The conventional steel No. C3 is an example of steels defined in JIS: SUJ2 

and No. C2 is the same as steel No. C2 shown in Table 4. 

For conducting a rolling life test, disMilce test specimens were at first prepared from the test steels and 

given a predetermined heat treatmenL Table 7 shows the hardening temperature for the test steels other than 
35 the steel No. C2. Since the steel No. C2 Is a case hardening steel, the temperature for the secondary hardening 

after applying carburization is shown in Table 7. Since the steels according to the present invention have a low 

cart}on content and contain a relatively great amount of Cr. the hardening was conducted at a temperature 

higher by about 50 to 70*C than that for the conventional steels Nos. C3 and C2. The situation is the same for 

the comparative steels. The austenite grain size number of the test steels when they were applied with the heat 
40 treatment at the tiardening temperature shown in Table 7 (values for the grain size number are accorded to 

JIS: 60551) is shown in the middle column of Table 7 (the crystal grain size in the surface carburized portion 

Is shown Ibr the case hardening steel CZ). 

Subsequentiy. tempering was applied for each of the test steels including the case hardening steel No. C2 

such that the surface hardness was controlled substentially to be HRC 61-6Z then a dynamic load test was 
45 conducted while rolling balls under load conditions shown in Table 2. The results are shown in Table 7. "Rolling 

life* shown in the tetrie means, a period of time (hr) until the occunrence of peeling at the bearing^surface from 

the t)eginning of the test 
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T a b 1 e 6 



TO 


1 No 


1 Ghenical Ccjinposition (nt%) 1 




1 


S X 


Mn 


Ni 


Cr 


Mo 


V 


fS 


i AlO 


j 0.67 


0.25 


0.45 


0.05 


3.51 


0.01 


0.01 1 




j All 


1 0.77 


0. 19 


0.27 


0.09 


2.12 


O.OI 


0.01 1 


2a' 


1 A12 


1 0.69 


0.39 


0.32 


0.10 


3.87 


0.05 


0.02 




1 A13 




0.44 


0.77 


0.02 


4.80 


0.02 


0.03 




A14 


O.JZ 


0.22 


0,51 


0.47 


3.33 


1.88 


0.05 


25 


A15 


O.ol 


O.oZ 


0.64 


0.^ 


2.20 


0.53 


0.10 




A16 


0.72 


0.20 


0.40 


0 39 








SO 


Ai7 


0.74 


0.29 


0.90 


0,Z7 


3.05 


0.28 


0.02 




A18 


0.66 


0.34 


0.24 


0. 10 


3.99 


1.35 


0.28 1 


35 1 


AIS 


0.79 


0.38 


0.92 


0.01 


4;28 


1.99 


0.01 




A20 


0.84 


0.26 


0.15 


0.41 


4.93 


0.02 


0.03 




A21 


0.72 


0.48 


0.39 


0.03 


2.88 


0.01 


0.05 


40 1 


B8 


0.95 


0.25 


0.38 


0.01 


3.56 


0.01 


0.02 




Bg 


0.73 


0.25 


0.38 


0.02 


1.50 


0.02 


0,01 


4S j 


BIO 1 


0.60 j 


0.26 


0.46 


0.20 


3.39 


0.01 


0.01 




C2 1 


0.21 


0.24 


0.79 


0.09 


0.81 






1 

SO 


C3 


1. 00 


0.25 


0.39 


0.01 


1.49 


0.01 
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Ta b 1 e 6 (Cbnt'd) 



iO 


KT A 
IM O. 


Chemical 


Composition (tnc%) 


• 


Nb 


Al 


N 




A 10 
A »l 


0.010 
0.100 


0.015 
0.031 


0.0153 
0.0060 




A 12 




0.033 


0.0170 


20 


A 13 




0.035 


0.0120 




A 14 


0.030 


0.027 


0.0133 


25 


A 15 




0.042 


0.0102 




A 36 




0.043 


0.0090 


30 


A 17 
A 18 


0.011 
.0.018 


0.023 
0.033 


0.0117 
0.0141 




A 19 




0.048 


0.0109 


35 


A. 20 




0.030 


0.0078 




A 21 


0.022 


0.037 


0.0154 


40 


B 8 




" 0.025 


0.0150 




B 9 




0.030 


0.0102 




B 10 




0.023 


0.0170 


45 


C 2 




0.030 


0. 0150 




C 3 




0.029 


0. 0090 



SO 



55 
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Referring at first to the austenite grain size In Table 7, the crystal grain size In each of the steels Nos. A10- 
A21 acccMXjing to the present invention is equal to or finer (the most fine grain size is 11. 7« the most coarse 
grain size is 10.0 which is finer than that of the conventional steels), than that of the conventional steels Nos. 
C3(JIS: SUJ2 ) and C2 (SAE 5120), although they were applied with hardening at a temperature higher than 
that for the conventional steels. 

FrDm the result of the dynamic load test shown In Table 7, improved rolling life of more than 1100 hr can 
be attained in any of the steels Nos. A10-A21 according to the present Invention. Oh the contrary, the rolling 
life of the comparative steels Nos. B8-B10 is only about 850 hours for the longest and It is extremely short in 
the conventional steels. As low as from several tens to 200. hours. 

As has been described above. In the steels according to the present invention, since the grain coarsening 
can k)e minimized, it Is possOile to apply quench hardening linom such a temperature that can utilize the effect 
of the additive element to the maximum extent for Improving the rolling life. As a result, aO of the steels Nos. 
A10A21 according to the present invention have a sufficient rolling life under the dynamic load, respectively 
as shown In Table 7. 

In this example, the rolling life was measured for the test steels when they were applied to the bearing rings, 
but it will be apparent in view of the peeling mechanism that the improved life can be obtained also In tiie case 
of using the steels according to the present Invention for rolling elements (balls and/or rollers). 

As apparent finom the foregoing results, the bearing steel according to the present invention can provide a 
long durab3ity life, In particular, under severe conditions In which vibrations and impact loads are appl^d. 
Accordingly, the bearing steel can be used as a material most suitable to bearings used under high speed rota- 
tion or t>earings for engines or auxSlary equipment driven by engines such as in automobiles or aircraft inevitably 
subject to vibrations and impact loads. Furthermore, In the heat treatment for manufacturing such l>earlngs, 
since quench hardening c:an be applied at a sufficiently elevated temperature or within an increased period of 
time wltlYout the problem of grain coarsening, this can contribute to the simplification of production steps and 
stable maintenance of the product quality. 



EXAMPLES 



Table 8 shows chemical compositions of the steels Nos. A22-A34 according to the present invention, com- 
parative steels Nos. B1 1-B14 and conventional steels Nos. C2 and C3 used a cutting test In the comparative 
steels, one of the ingredlerits is out of the range as defined in the present inventioru Nos. C2 and C3 are con- 
ventional steels which are the same as tlie conventkmal steels shown in Table 6. 

For examining the machinabnity of each of the test steels, heat treatment for spheriodizing annealing was 
applied to a rofled bar obtained from each of the test steels and sut»sequentiy a cutting test was conducted 
under the followirvg conditions. 
Tool: SKH 4 * 

Biting depth: 1 mm 
Feed rate: 0,2 mm/rev 
Cutting rate: 50 mAnin 
Cutting 00: none 

If the flank wear of a tod, Le. the loss of relief of a tool behind the cutting edge is VB. 

The tool life was defined as a time at which VB=0.3 mm. The results for the cutting test are shown in the 
left column of Table 9. As can be seen from the results, all of the steels Nos. A22-A34 according to the present 
invention show longer tool life than that of the conventional steels Nos. C2 and C3. 

Next, for conducting a rolling life test, a predetemnmed heat treatment was applied so as to set ttie surface 
hardness of the test steels to be HRC 61 to 62. Then, a rolling test piece was produced and a dynamic load- 
test was conducted on the test piece while rolling balls under the loading conditions shown in Table 2. The 
results are shown in Table 9. In the table, tolling life" means a period of time (hr) untO the occurrence of peeing 
at the bearing surface from the beginning of the test 
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1 No 


Chemical Cboiposition (wt%) 


IS 


• 

C 


S i 


Mn 


Ni 


Cr 


Mo 


V 


A22 


0.69 


0.25 


0.40 


0.02 


2.31 


0.01 


0.02 




1 A23 


0.73 


0.33 


0.85 


0.01 


3.50 


0.02 


0.02 


20 


A24 


0.88 


0.26 


0.54 


0.03 


3.59 


0.01 


0.01 




1 A25 


0.65 


0.17 


1.00 


O.OI 


4.53 


0.01 


0.01 




A26 


0.71 


0.44 


0.56 


0.01 


3.71 


0.02 


0.07 




A27 


0.70 


0.28 


0.37 


0.03 


4.76 


0.43 


0.01 




A28 


0.89 


0.31 


0.72 


0.25 


2.98 


0L02 


0.01 


30 


1 A29 


0.82 


0.24 


0.48 


0.38 


3. 15 


0.01 


0.10 




A30 


0.66 


0.26 


0.23 


0.41 


4.01 


0.91 


0.03 


35 


A31 


0.70 


0.38 


0.83 


0^01 


3.44 


1.05 


0.13 




A32 


0.73 


0.42 


0.35 


0.21 


3.71 


1.31 


0.08 




A33 


0.68 


0.19 


0.34 


0.37 


2.63 


0.12 


0.56 


40 1 


A34 


0.83 


0.48 


0.39 


0.44 


4.76 


0.25 


0i73 




BU 


0.97 


0.27 


0.39 


0.39 


3.34 


0.02 


0.11 


45 1 


B12 


0.83 


0.61 


0.39 


0.44 


4.76 


0.25 


0.73 




B13 


0.74 


0.33 


0.85 


0.01 


3.50 


0.24 


0.02 




B14 


0.96 


0.28 


0.95 


0.07 


3.55 


0.01 


0.01 


30 J 


C2 


0.21 


0.24 


0.79 


0.09 


0.81 








C3 


1.00 


0.25 


0.39 


0.01 


1.49 


0.01 
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Table 8 (Coni'd) 



No. 


Chaaical 


COTipositian (wt%) 


s 


RBI 


P b 


Ca 


B 1 


S e 


Te 




0.044 














A 0*1 

Am 


0. 010 


0. 02 












A OA 


0.029 










0. 02 






0. Oil 






0.0O30 








A 


0.015 








• 




A Al 

0.01 




0.010 


A AO 
























0 M 
w. no 




A29 




- 


A 11 










A30 


0 032 






0. 0023 








A31 


0.025 








0.01 






A32 


0.047 


0.02 








0.01 




ASS 


0.008 






0.0045 


0.009 






A34 


0.013 


0.02 


0.04 










Bll 


0.015 




0. 12 










B12 


0.023 


0.05 


0.04 










B13 


0.030 


0.02 




0.010 








B14 


0.017 














C2 


0.018 














C3 


0.016 
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Table 9 



to 




Property 




N O . 


tool life (hr) 








rolling lift* (hT-'\ 

***** ^ "O X X * o \ fix J 


15 


A 22 


53 


1156 




A 23 


78 


1323 




A 24 




1112 


2V 


A 25 


103 


1421 




A 26 


62 


1382 




A 27 


99 


1433 




A 28 


130 


1138 


25 


A 29 


146 


-1301 




A'30 


121 


1469 




A31 


137 


1473 


SO 


A 32 


122 


1489 




A33 


154 


1229 




A34 


150 


1231 


35 


Bll 


131 


913 




B12 


178 


821 




B13 


184 


723 


40 


B14 


40 


909 




C 2 




189, 202 




C 3 


32, 40, 38 


43, 61 



45 



\ 

' SO 



55 
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As can be seen from the result of the dynanrtic load test shown in Table 9, a long life of more than 1 100 hr 
can be attained in all of the steels Nos. A22-A34 according to the present invention. On the contrary, the life 
of the comparative steels Nos. B1 1-B14 is about 900 hr for the longest and the life of the conventional steels 
is extremely short from several tens to 200 hours. 
5 As described above, the steels according to the present invention have excellent machinabUity and sliow 

extremely satisfactory values for the rolling fatigue life even under dynanrtic toad conditions. The comparative 
examples In which one of the ingredients is out of the range as defined in the present invention have a sufficient 
performance In view of the machinability, but the result of the rolling life test under the dynamic loads show 
that such steels are not suitable to applications in use for those portions undergc^ng innpact shocks and vib- 
10 rations as In automobBes. 

in this example* the rolling life of the test steels was measured using them as bearing rings, but It will be 
apparent, in view of the peeling mechanism, that the steels according to the preseiU invention can also provide 
a long life when they are used as rolling elements (t>alis and/or rollers). 

As apparent from the foregoing results, the i>earing steels according to the present invention can provide 
15 a long life under severe conditions, in particular undergoing vibrations and Impact loads. Accorcfingly, they can 
foe used as a material most suttalile to l>earings used under high' speed rotation or I>earing8 for engines and 
auxfliary equipment driven by engines, for example. In autonu>biles or aircraft which are inevitably put under 
vibrations and impact shocl<s» In addition, since the machlnabildy Is. improved, in the steels according to the 
present invention, the cutting speed can be Increased In the putting step upon manufacturing the bearings, etc, 
.20 or In a case where the cutting fatxrfcatlon is applied at an identical speed with that in the conventional case, 
the tool life can be increased. Therefore, cost reductions can be made in the production steps in any of the 
cases. Further, since the steels according to the present invention are excellent also in view of the disposabHlty 
of cutting dusts, shavings, swarf, etc.. troul>les caused in the steps due to entangling of cutting dusts can be 
reduced. 

25 

Claims 

1. A bearing steel comprteing, by weight, 0.65 to 0.90% of C. 0.15 to 0.50% of SI 0.15 to 1.0% of Win. 2.0 to 
so 5.0% of Cr, and optionally one or more of 0.20 to 0.50% of Ni, 0.1 to 2.0% of Mo, or 0.05 to 1.0% of V, 

the remainder being Fe and inevitable Impuriticss.. 

2. A bearing steel comprising, ty weight. 0-65 to 0.90% of C, 0.15 to 0.50% of Si, 0.1 5 to 1 .00% of Mn, 2.0 
to 5.0% of Cr, 0.0090 to 0.0200% of N. one or more of 0.010 to 0.050% of Al and 0.005 to 0.50% of Nb, 

35 and optionally one or more of 0.20 to 0.50% of Ni. 0.1 0 to 2.00% of Mo and 0.05 to 1 .00% of V, the remain- 

der being Fe and Inevitable impurities. 

3. A bearing steel comprising, by weight, 0.65 to 0.90% of C, 0.15 to 0.50% of Si. 0.1 5 to 1 .00% of Mn, 2.0 
to 5.0% of Cr, one more of 0.020 to 0.050% of S. 0.005 to 0.10% of rare earth element. 0.02 to 0.30% of 

40 Pb, 0.0005 to 0.0100% of Ca. 0.001 to 0.200% of Bi, 0.005 to 0.20% of Se and 0.005 to 0.100% of Te. 

and optionally one or more of 0.20 to 0.50% of Ni. 0.1 0 to 2.00% of Mo and 0.05 to 1 .00% of V, the reniain- 
der being Fe and Inevitable impurities. 
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